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Deliverable for Task 02-04 — Pilot Study Protocol

Application of Measures of Spontaneous Motor Activity for Behavioral Assessment in
Human Infants

Introduction

As a participant in planning the National Children’s Study (NCS), EPA is interested in
the investigation of key developmental disorders that may be associated with environmental
exposures. This is particularly important in light of research that has established that prenatal
and early childhood exposure to certain neurotoxicants including lead, mercury, manganese, and
polychlorinated biphenyls (PCBs) can result in negative behavioral outcomes (Schettler, 2001).
In some cases these outcomes are not clearly identified until children reach school age or later
when the functionality of developmentally specific neurobehavioral processes is challenged.
(Adams et al,, 2000; Rice & Barone, 2000). Given the plasticity of neurological systems
affected by such exposures and their high level of vulnerability in the developing child, early
detection is critical. The potential association between the relatively recent and large increase in
the number of children diagnosed with conditions such as attention deficit-hyperactivity disorder

(ADHD) and environmental factors is a public health issue of concern to the EPA.

The goal of this research is to provide, for use in a large scale field study, a method to
describe and quantitatively characterize spontaneous motor activity in four cohorts: infants (4-5

months & 6-12 months) and toddlers (13-18 months & 19-24 months).

This protocol addresses two specific objectives: a) identification of sources of variance in
infant’s and toddler’s free living daily activity levels and estimation of the number of days of
actigraphy measurement necessary for a reliable measure of these activities and b) investigation
of the potential correlation between activity measures (e.g., counts/epoch) averaged over long

periods of time and activity measures (e.g., counts/epoch) averaged over a specific play activity.

This work continues the previous work assignment, WA 01-02, entitled “Application of

Measures of Spontaneous Motor Activity for Behavioral Assessment in Human Infants and
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Young Children to Predict Environmental Health and Safety Risks to Children for Use in Risk
Evaluation.” The current work assignment deliverable is a refinement of the previous protocol
developed under WA 01-02. This refinement is a result of a review of all appropriate materials
including any literature published in the previous 12 months, an update of accelerometer
information including salient literature published in the previous twelve months and the
identification and integration into the protocol of a non-linear movement patterns assessment

appropriate for children between the ages of 0 and 24 months.

In the statistical section of the protocol we were asked to review our previous power
calculations and make appropriate modifications as well as review data analysis strategies in the
literature and modify the previous protocol as appropriate. We have incorporated these requested

tasks into this deliverable.

We have addressed all the requirements of the work assignment, however there are two
exceptions to WA 02-04 that should be noted. The WA specifically suggests four cohorts for
this protocol, birth-5 months, 6-12 months, 13-18 months and 19-24 months. After a review of
the literature and discussions with the WAM, it was determined that the first cohort should
consist of children between the ages of 4 and 5 months. Specifically children’s sleep cycles have
not been established before the age of 3 months which could introduce an unaccounted form of

variability in the data.

Second, after a careful review of the literature and discussions with the WAM, it was
determined that the protocol would not be enhanced by the comparison of two accelerometers.
Currrently the Actiwatch 64, recommended in our previous protocol, provides the sensitivity to
collect data during both diurnal and nocturnal periods. This is a version of the Actical, made by

Mini Mitter Co., currently used in other EPA studies.
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1.0 Background and rationale

ADHD is a two dimensional disorder composed of hyperactivity/impulsivity and
inattention (DSMV-IV, American Psychiatric Association, 1994). These independently
measurable constructs can negatively affect cognitive, academic and social development as
children mature. Because behavioral hyperactivity represents a key characteristic of this
disorder, often manifested in early childhood, the measurement of spontaneous motor movement
in very young children could provide a window for early detection and intervention enhancing

the potential to minimize future problems.

Past ADHD research has employed several methodologies for capturing children’s motor
activity including real time observation, coded video-tape, questionnaires, and behavior rating
scales. Porrino, Rapoport, Behar, Ismond, & Bunney (1993) were the first investigators to
augment these measurement techniques with a solid-state monitoring system used to measure
spontaneous motor activity. Their study reported quantified evidence that distinguished ADHD

children from controls based on a consistent and significant increased rate of activity.

Since that time other researchers have noted criteria that may compromise the accuracy
of spontaneous motor activity collection including artificial lab conditions as opposed to free
living situations (Barkley, 1991), type of task and time of day (Dane, Schacher, & Tannock
2000). Other researchers have noted that ADHD symptomology may be dampened by novel
situations (Zentall, 1985) and one on one examiner attention to the child often found in clinical
or laboratory assessments. (Barkley, 1997; Barkley, 1998). Barkley also notes that ADHD
assessments should begin in the child’s natural environment in order to assure that measurements

are true reflections of the individual child’s behavior.

Advanced accelerometry allows researchers to collect more refined quantitative
measurements of a specific component of ADHD, spontaneous motor movement, in a naturalistic
setting over extended periods of time. With modest burden to the subject, the reusable actigraph
is an objective and non-reactive measurement tool. It has been used extensively in physical

activity assessment research with adults and adolescents (Sirard & Pate, 2001; Trost, 2001) and
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has a well documented and standardized methodology used in sleep/wake studies with numerous
age groups (Acebo et al., 1999; Thoman, 2001; Welk, Corbin, & Dale, 2000; Littner et al.,
2003). Recently, actigraphy has been used extensively with children between the ages of 3 and 6
in an effort to understand childhood obesity by measurement of both motor movement activity
and inactivity (Jackson et al., 2003; Janz et al., 2002; Reilly et al., 2003; Trost, Sirard, Dowda,
Pfeiffer, & Pate, 2003). While obesity studies have measured activity movement with children
as young as 3, little research has implemented this technology with infants and toddlers. Several
studies using actigraphy to measure sleep/wake cycles in infants (Korte, Hoehn, & Siegmund,
2004; Korte, Wulff, Oppe, & Siegmund, 2001; Mennella & Gerrish, 1998) have shown that this

form of measurement is possible.

It is clear that accelerometry provides an opportunity to quantitatively measure motor
activity in infants and young children thus increasing the accuracy and understanding of this

component of development and its role as a marker of future pathology.

In order to measure children’s spontaneous movement in a large-scale study such as the
National Children’s Study (NCS), methodological considerations must take into account
advances in the measurement field, such as the availability of new technologies and their use in
combination with other developmentally appropriate instruments in order to gather the most
comprehensive picture of children’s movement over extended periods of time. This type of study
does, however, present both methodological and pragmatic challenges. Features in this protocol

design specifically address these issues.
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2.0 Study design

2.1 Objectives

Objectives for the pilot study include:

e Objective 1: Identifying the sources of variance in children’s daily activity levels
and estimating the number of days of actigraphy measurements necessary for a
reliable measure of activities.

e Objective 2: Investigating the correlation between activity count/min averaged
over long period (“long term average activity”) and activity count/min averaged
over a specific play activity (“specific play average activity”).

2.2 Design background methodology

To measure children’s spontaneous movement in a large-scale study the measurement

method requires the following features:

e Ability to provide both a reliable measurement and distinguish more active
children from normal ones, under the age of 24 months.

e Relative ease for caregivers to collect the information with little or no field
assistance.

e Maximum flexibility to formulate different indices to characterize “spontaneous
movement.”

In order to address reliability concerns, it is important to understand the complexity and
variety of motor movements over time. It is known that human physical activity varies from day
to day, perhaps more so in children. Individual differences as a function of genetic traits and
unique experiences also contribute to substantial within-subject variability. In particular,
researchers have cited the influence of temperament on motor movement (Teicher, 1995;
Thomas and Chess, 1977). Children also experience a steep developmental motor trajectory
within the first few years of life, resulting in multiple developmental motor milestones between

the ages of 0 and 24 months. (See Appendix A.)
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Thus, when establishing a reliable measurement of spontaneous motor activity, it is
necessary to consider motor maturation level and personality characteristics as well as external

events that may have a differential impact on children’s activities.

A key question for using any device to measure spontaneous motor activity is the
determination of how many days of a certain level of consistent activity are necessary to provide
a reliable measure of spontaneous motor activity. An abnormally active child may have a day
not characterized by abnormal motor movement whereas a child without ADHD may exhibit
abnormally active days on occasion. A reliable measurement device must account for this

variation.

Reliability, defined as the proportion of total variance accounted for by differences
between subjects (Snedecor & Cochran, 1989), is a measurement that has been used in many
published studies on accelerometers (Acebo et al., 1999; Matthews et al., 2002). The general
acceptable reliability appeared to be 70-80% or above. Using this criterion, Acebo et al. (1999),
a well known sleep patterns researcher, concluded 5 or more nights of usable activity recording
are required to obtain reliable actigraphy measures of sleep for children and adolescents. Trost et
al. (2000) found a single-day reliability of moderate-to-vigorous physical activity of 0.46 to 0.49
among children in grades 1 to 6. He estimated that between 4 and 5 days of monitoring would be
necessary to achieve a reliability of 0.80 in children and between 8 and 9 days to achieve a
reliability of 0.80 in adolescents. Matthews et al. (2002) concluded at least 3 to 4 days of
monitoring are needed to obtain a reliable measure of physical activity in adults with additional

days of monitoring needed to assess patterns of inactivity.

No data are available to determine how many days will be needed to obtain reliable
measurements in children younger than 2 years old using an accelerometer. We plan to collect
data in this pilot study to make this determination and evaluate issues of reliability so that future

studies can build on our findings.

Use or disclosure of data on this page is subject to the restrictions on the inside cover sheet. 1-6



Any field data collection will be facilitated by a methodology that is both user friendly
and establishes a modest subject burden, but is also able to assess reliable measurement. In
addition it must distinguish more active children from children exhibiting normal ranges of

activity while accounting for the potential impact of individual environmental variables.

While collecting data only in a laboratory environment limits the length of the assessment
and burden, there are concerns that children feel more inhibited within a lab setting and will not
express themselves as they would in their own environment. In addition, Dane et al. (2000)

report that time of day and type of task may skew motor results.

To address this we will be monitoring children for a longer period of time with recorded
details of both a brief lab activity and more general home activities through the use of a time

activity diary to facilitate an optimal data collection methodology.

We will assess children first in the lab using both a structured motor development task
and an unstructured play task. The purpose for this lab visit is twofold. During this time, the
child will be tested for normal motor development to assure that he/she is eligible to participate
in the study by scoring within the normal range on the Peabody Developmental Motor Scale —
2" edition (PDMS -2). The second purpose is to familiarize both the caregiver and the child with

the device and the diary/questionnaire.

This lab visit will allow investigators to obtain a baseline actigraphy measure for a
structured task (PDMS-2). At the completion of the PDMS-2 the parent/caregiver and the child
will participate in a brief unstructured play activity with an age appropriate toy. The child will
continue to wear the actigraphy monitor during the unstructured lab play task to capture a lab

measurement of spontaneous motor movement during an undirected activity.

To capture temperament information, a standardized questionnaire will be administered
to the parent/caregiver during the lab visit. If the child is less than 12 months of age,
parents/caregivers will complete Rothbart’s Infant Behavior Questionnaire (IBQ). For children

older than 12 months, the caretaker will be asked to complete Carter’s ITSEA (The Infant-
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accelerometers), a sample size of 22 remains adequate to detect a difference of 1 standard
deviation from the mean with a power of 89%. Thus, if the population mean is actually 777
movements per minute with a population standard deviation of 207, a sample size of 22 infants
will allow us to estimate the mean to within 103.5 movements per minute. As before, this
corresponds to being able to detect a difference of 207 movements per minute in the value of two

means with a power of 89%.

Clearly, issues of attrition must be considered when determining the number of subjects
required. Subjects may fall outside of the normal range of motor development on the PDMS-2,
may become ill during data collection, or may have data that are unusable due to extreme
irresolvable discrepancies between the activity diary and accelerometer. Though Table I does
not adjust for these types of issues, such an adjustment is easily made. For example, if attrition
is assumed to be 10%, the required number of subjects from Table I (22, for example) would
need to be inflated by the same percentage, i.e., the new required sample size would be 22 *

110/100 = 24.2 = 25.

To allow for gender comparisons within an age cohort, the attrition-adjusted number of
subjects would be needed in each gender group within that cohort. For example, in a study
design cohort consisting of infants 6 to 12 months of age and having a male to female ratio of
1:1, the total number of infants necessary to accurately measure mean movements per minute
would be 50: 25 boys and 25 girls. With this sample size, and population mean and standard
deviation as indicated in Table I, we would have a power of 89% to detect a difference of size 15
in the mean activity level for 6 to 12 month old boys and the mean activity level for 6 to 12

month old girls.

In order to fully implement this study a total of 200 subjects will be necessary: 50 in
each age cohort. Thus, the birth to 5 month old cohort will include 25 boys and 25 girls, the 6 to
12 month old cohort will include 25 boys and 25 girls, the 13 to 18 month cohort will include 25
boys and 25 girls, and the 19 to 24 month cohort will include 25 boys and 25 girls.
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